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ୈ 1 ষ ং࿦
ͦ͜Ͱ୺຤਺͕େ͖͍ঢ়گʹ͓͍ͯ΋ɼΦʔόʔϔου͕খ͘͞ූ߸Խڠௐ௨৴Λ࣮ݱ͢Δ͜ͱ͕







߸͸ɼ1960೥୅ʹGallagerʹΑͬͯఏҊ͞Εͨ௿ີ౓ύϦςΟݕࠪ (LDPC: Low-Density Parity


































































ϩʔυΩϟετϑΣʔζ͸ T ݸͷϒϩοΫʹΑͬͯߏ੒͞ΕΔ. ֤ϒϩοΫ͸ N ݸͷλΠϜε
ϩοτ͔Βߏ੒͞Εɼ֤ϒϩοΫͷ i, i = 1, 2, . . . , N ൪໨ͷλΠϜεϩοτ͸ඞͣ i൪໨ͷ୺຤ʹ
ׂΓ౰ͯΒΕΔɽ
ϒϩοΫ tʹ͓͍ͯ୺຤ i͕ϒϩʔυΩϟετΛߦ͏৘ใύέοτΛ u(t)i ͱ͢Δɽͨͩ͠ɼt =
1, 2, . . . , T Ͱ͋Γɼu(t)i ͸ iͱ tʹؔͯ͠౷ܭతʹಠཱͰ͋ΔɽҎ߱Ͱ͸આ໌ͷ؆୯ԽͷͨΊʹɼ
εϩοτ൪߸ jΛҎԼͷΑ͏ʹఆٛ͢Δɽ
j = i+ (t− 1)N (2.1)




୺຤ i͸ͦΕ·Ͱʹڞ༗ͨ͠৘ใύέοτू߹ {u1, . . . ,uj−1}Λอ͍࣋ͯ͠ΔɽύϦςΟύέο
τ pj ͸ɼ͜ΕΒͷ৘ใύέοτΛ༻͍ͯ࣍ࣜͷΑ͏ʹੜ੒͞ΕΔɽ
pj ! ⊙l∈C(j)ul (2.2)




୺຤ i͸৘ใύέοτͱύϦςΟύέοτΛ࿈઀ͨ͠αΠζ 2M [bits]ͷූ߸ޠΛϒϩʔυΩϟε
τ͢Δɽ
ຊݚڀͰ͸ɼූ߸ޠͷมௐํࣜͱͯ͠BPSK(Binary Phase-Shift Keying)ΛԾఆ͢Δɽϒϩο










ୈ 2 ষ γεςϜϞσϧ
ਤ 2.1: ຊݚڀʹ͓͍ͯ૝ఆ͢ΔωοτϫʔΫ
ͨͩ͠ɼh(t)i ͸ϒϩοΫ tʹ͓͚Δ୺຤ iͱج஍ہؒͷνϟωϧ܎਺Ͱ͋Γɼ୺຤ iʹؔͯ͠౷ܭ
తʹಠཱͰ͋ΔҰํɼϒϩοΫ tʹؔͯ͠͸௨৴؀ڥʹґଘ͢Δɽh(t)i ͸ฏۉ 0ɼ෼ࢄ 1ͷԁରশ
ෳૉΨ΢ε෼෍ʹै͍ɼ͜ͷ஋͸ج஍ہʹ͓͍ͯط஌ͱ͢Δɽn(t)i ͸αΠζ 2M ͷՃ๏ੑന৭Ψ


















ୈ 2 ষ γεςϜϞσϧ
ਤ 2.2: ωοτϫʔΫ಺ͷ֤୺຤͕ै͏ૹ৴εέδϡʔϧ
T -ϒϩοΫϨΠϦʔϑΣʔσΟϯά௨৴࿏





















RAූ߸ԽثΛਤ 3.1ʹࣔ͠ɼD͸ 1bit஗Ԇث (Delay Device)ɼ⊕͸ഉଞత࿦ཧ࿨ԋࢉࢠΛද͢ɽ
·ͣ৘ใύέοτΛߏ੒͢Δ֤ཁૉ u = [u1, . . . , um, . . . , uM ]͸RepetitionʹΑͬͯQճ܁Γ
ฦ͞ΕɼαΠζQM ͷu′͕ੜ੒͞ΕΔɽͨͩ͠ɼum͸ϕΫτϧuͷୈm൪໨ͷཁૉΛද͢ɽ͜
ͷੜ੒͞Εͨग़ྗܥྻ͸࣍ࣜͰද͞ΕɼͦͷαΠζ͸QM [bits]ͱͳΔɽ
u′ = [u1, . . . , u1, . . . , uM , . . . , uM ] (3.1)
࣍ʹɼग़ྗܥྻu′ͷ֤ཁૉ͸ InterleaverߦྻHʹΑͬͯฒͼସ͑ΒΕΔɽߦྻH͸ߦॏΈͱ
ྻॏΈ͕ͱ΋ʹ 1Ͱ͋Δ̎ݩQM ×QM ߦྻͰ͋ΔɽΠϯλʔϦʔϒޙͷϕΫτϧw͸ҎԼͷ
ࣜͰද͞ΕΔɽ
w = u′H (3.2)
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ୈ 3 ষ ଟ࣍ݩۭؒ݁߹Repeat-Accumulateූ߸Խڠௐ
ਤ 3.1: RAූ߸Խث (D͸ 1bit஗Ԇث (Delay Device)ɼ⊕͸ഉଞత࿦ཧ࿨ԋࢉࢠ)
ͦͯ͠ɼΠϯλʔϦʔό͞Εͨग़ྗܥྻw͸ઌ಄ͷཁૉ͔Βॱ൪ʹ abitsͣͭഉଞత࿦ཧ࿨ԋ
ࢉࢠʹೖྗ͞ΕɼαΠζ L = (Q/a)M ͷग़ྗܥྻ s͕ੜ੒͞Εɼs͸࣍ࣜͰද͞ΕΔɽ
s = [w1 ⊕ · · ·⊕ wa, . . . , w(QM−a+1) ⊕ · · ·⊕ w(QM)]








p = [s1, s2 ⊕ p1, . . . , sL ⊕ p(L−1)]





















































͜Ε͸ɼߦॏΈͱྻॏΈ͕ͱ΋ʹ 2(ͨͩ͠ 1 ߦ໨ͱM ྻ໨ͷॏΈ͸̍) ͷଳର֯ߦྻͰ͋Γɼ
AccumulatorͷॲཧͷߦྻදݱͰ͋Δɽ͜ͷߦྻAͷಛ௃ʹ͍ͭͯઆ໌͢Δɽ·ͣݕࠪߦྻHRA









੒͢Δϊʔυ͸ 3ͭͷάϧʔϓʹ෼͚ΒΕΔɽ̍ͭ໨ͷάϧʔϓ͸৘ใύέοτܥྻ uͷM ݸ
ͷཁૉʹରԠ͠M ݸͷϊʔυ͔ΒͳΔϝοηʔδϊʔυ (നؙ ◦)ɼ̎ͭ໨ͷάϧʔϓ͸ϕΫτϧ
sͷN ݸͷཁૉʹରԠ͠ɼύϦςΟύέοτͷ੍໿৚݅Λ༩͑Δ Lݸͷϊʔυ͔ΒͳΔνΣοΫ
ϊʔυ (࢛֯ ("))ɼ̏ͭ໨͸ύϦςΟύέοτܥྻ pͷ LݸͷཁૉʹରԠ͠ Lݸͷϊʔυ͔Βͳ
ΔύϦςΟϊʔυ (ࠇؙ •)Ͱ͋Δɽ
Ҏ߱ɼm൪໨ͷϝοηʔδϕΫτϧཁૉʹରԠ͢ΔϝοηʔδϊʔυΛu(m)ͱදه͢ΔɽνΣο
ΫϊʔυɼύϦςΟϊʔυʹ͍ͭͯ΋ಉ༷ʹɼf(l)ɼp(l)ɼl ∈ {1, . . . , L}ͱදه͢Δɽ
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ୈ 3 ষ ଟ࣍ݩۭؒ݁߹Repeat-Accumulateූ߸Խڠௐ
ਤ 3.2: (Q, a)-regular RAූ߸ͷλφʔάϥϑදݱ
͜͜Ͱɼϝοηʔδϊʔυʹ͸ u(m) m ∈ {1, . . . ,M}ɼνΣοΫϊʔυ͸ f(l) l ∈ {1, . . . , L}ɼ












·ͣɼϝοηʔδϊʔυ u(m)͸ϕΫτϧuͷཁૉ umʹରԠ͓ͯ͠Γɼϝοηʔδϊʔυ u(m)
͔Βग़ΔQຊͷΤοδʹΑͬͯϕΫτϧ uͷཁૉ um͕Qճ܁Γฦ͞ΕΔɽͦͯ͠ Interleaving
ߦྻH ʹΑΓϝοηʔδϊʔυ u(m)ͷ࣋ͭΤοδ͸νΣοΫϊʔυ f(l′) ∈ D(u(m))ʹ݁߹͞
ΕΔɽͨͩ͠ɼD(u(m))͸ϝοηʔδϊʔυ u(m)ͱ݁߹͢ΔνΣοΫϊʔυͷू߹Ͱ͋Γɼཁ
ૉ਺͸QͰ͋Δɽ
࣍ʹɼνΣοΫϊʔυ f(l)ͷ࣋ͭΤοδ͸ϝοηʔδϊʔυ u(m′) ∈ E(f(l))\{p(l), p(l−1)}ͱ
݁߹͞ΕΔɽͨͩ͠ɼE(f(l))͸νΣοΫϊʔυ f(l)ͱ݁߹͢ΔϝοηʔδϊʔυͱύϦςΟϊʔ
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ୈ 3 ষ ଟ࣍ݩۭؒ݁߹Repeat-Accumulateූ߸Խڠௐ
ਤ 3.3: 3ม਺ϑΝΫλʔάϥϑͷҰྫ
υͷू߹Ͱཁૉ਺͸ a+ 2Ͱ͋Γɼه߸ \͸ࠨͷू߹ʹӈͷཁૉΛؚ·ͳ͍͜ͱΛࣔ͢ɽͨͩ͠ɼ
l = 1ͷͱ͖ཁૉ਺͸ a+ 1Ͱ͋Δɽ͜ͷૢ࡞͸νΣοΫϊʔυ f(l)ͱ݁߹͢Δϝοηʔδϊʔυ
ʹରԠ͢Δ΂Ϋτϧཁૉ um′ ͷഉଞత࿦ཧ࿨ΛͱΔ͜ͱͰ͋Γɼࣜ (3.2)ͱҰக͢Δɽ





ຊઅͰ͸ɼຊষͰઆ໌͖ͯͨ͠ RAූ߸ͷ෮߸๏ [23, 24]Λઆ໌͢Δɽ·ͣଟม਺ؔ਺ͷपล
Խ໰୊Λఆٛ͠ɼͦͷपลԽΛߴ଎ʹߦ͏ sum-productΞϧΰϦζϜΛಋೖ͢Δɽͦͯ͠ɼ༩͑
ΒΕͨ؍ଌ஋ʹجͮ֬͘཰ਪ࿦ʹ sum-productΞϧΰϦζϜΛద༻Ͱ͖Δ͜ͱΛࣔ͠ɼRAූ߸
ͷ෮߸ʹར༻͞ΕΔ sum-product෮߸๏ɼಛʹର਺ྖҬ sum-product෮߸๏Λࣔ͢ [25]ɽͨͩ͠ɼ
ຊઅͰ༻͍Δه߸ f(x)ͱD(v)͸લઅͷ΋ͷͱؔ܎Λ࣋ͨͳ͍ɽ
(1) ଟม਺ؔ਺ͷपลԽ໰୊
ू߹V ! {x1, . . . , xI}Λ Iݸͷม਺ͷू߹ͱ͠ɼxiɼi ∈ {1, . . . , I}ͷͱΓ͏Δ஋ͷू߹ΛD(xi)










͢Δɽ؆୯ͷͨΊʹɼD(xi) = {0, 1}Ͱ͋Δ͢΂ͯͷม਺ͷఆٛҬ͕̎஋Ͱ͋Δ৔߹ʹ͍ͭͯߟ
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I ݸͷม਺ΛؚΉάϩʔόϧؔ਺ f(V )ͷҼࢠ෼ղ͕ҎԼͷࣜͰ༩͑ΒΕ͍ͯΔ΋ͷͱ͢Δɽ
f(V ) = f1(A1) . . . fJ(AJ) (3.11)
A1, . . . , AJ ͸ม਺ू߹ V ͷ෦෼ू߹Ͱ͋ΓɼͦΕͧΕͷҼࢠ fj(Aj)ɼj ∈ {1, . . . , J}ΛϩʔΧϧ
ؔ਺ͱݺͿɽ͜͜Ͱɼଟม਺ؔ਺ f(V )ͷҼࢠ෼ղΛࢹ֮తʹࣔ͢άϥϑදݱͱͯ͠ɼϑΝΫλʔ
άϥϑΛಋೖ͢Δɽ্هͷҼࢠ෼ղʹରԠ͢ΔϑΝΫλʔάϥϑ͸ɼ(1)ϩʔΧϧؔ਺ fj(Aj)ʹର




f(x1, x2, x3) = f1(x1)f2(x1, x2)f3(x2, x3) (3.12)
ʹରԠ͢ΔϑΝΫλʔάϥϑΛਤ 3.3 ʹࣔ͢ɽͨͩ͠ɼV = {x1, x2, x3}ɼA1 = {x1}ɼA2 =
{x1, x2}ɼA3 = {x2, x3}Ͱ͋Γɼനؙ (◦)͸ม਺ϊʔυɼࠇ࢛֯ (#)͸ҼࢠϊʔυʹͦΕͧΕҰ











ؔ਺ f(x1, x2, x3, x4)ʹରͯ͠ɼҼࢠ෼ղ









f1(x1)f2(x1, x2)f3(x1, x3)f4(x3, x4) (3.14)
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|D(xi)| = 10ɼi ∈ {1, . . . , 4}ͱԾఆͨ͠৔߹ɼࣜ (3.14)Ͱ͸ 103 − 1 = 999ճͷ࿨ΛධՁ͢Δඞ
ཁ͕͋ΔҰํɼ෼഑ଇΛར༻ͨࣜ͠ (3.15)Ͱ͸ 108ճͷ࿨Ͱؔ਺ͷपลԽ͕ߦΘΕΔɽࣜ (3.15)
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εςοϓ̍ (ϑΝΫλʔάϥϑͷߏ੒) ର৅ͱ͢Δάϩʔόϧؔ਺ f(V )ͷҼࢠ෼ղ͕ɼࣜ (3.11)
ʹΑͬͯ༩͑ΒΕ͍ͯΔͱ͢Δɽ͜ͷҼࢠ෼ղʹରԠ͢ΔϑΝΫλʔάϥϑΛGͱ͢ΔɽҎ
ԼͰ͸ɼϑΝΫλʔάϥϑ͸࿈݁άϥϑͰ͋Γɼ͔ͭϧʔϓΛ࣋ͨͳ͍ͱԾఆ͢Δɽ·ͨɼ
ม਺ xiʹରԠ͢Δม਺ϊʔυͷ໊લΛ xiͱ͠ɼҼࢠ fj ʹରԠ͢ΔҼࢠϊʔυͷ໊લΛ fj
ͱ͢Δɽ
ܭࢉ͍ͨ͠पลԽؔ਺Λ gr(xr)ɼr ∈ {1, . . . , N}ͱ͢Δͱ͖ɼGΛ xr Λϧʔτͱ͢Δ໦ͱ
Έͳ͠ɼάϥϑG͸ϧʔτΛ্ʹͯ͠ඳ͔Ε͍ͯΔ΋ͷͱ͢Δɽ࠷ޙʹɼϑΝΫλʔάϥ
ϑGʹؚ·ΕΔϊʔυ vʹ݁߹͢Δϊʔυͷू߹ΛN(v)ͱ͢Δɽ






ͨͩ͠ɼxk ͕༿ϊʔυͷ৔߹ʹ͸ɼॳظ৚݅ͱͯ͠Mxk→fi(xk) = 1ͱ͢Δɽ͜ͷه๏͸
Mxk→fi(xk)͸ɼxk → fiํ޲ʹ఻ୡ͞ΕΔϝοηʔδͰ͋Γɼม਺ xkͷؔ਺ʹͳ͍ͬͯΔ
͜ͱΛࣔ͢ɽ



































ຊઅͰ͸ɼγϯϘϧMAP(Maximum A posteriori Probability)෮߸๏ͷఆٛΛड़΂ɼલઅͰઆ
໌ͨ͠पลԽ໰୊ͱͷؔ܎ੑʹ͍ͭͯड़΂Δɽ͜͜Ͱ͸ɼૹ৴ΞϧϑΝϕοτ͕̎஋χ = {0, 1}Ͱ
͋Δͱ͠ɼड৴ΞϧϑΝϕοτΛ Y ͱ͢Δɽ·ͨɼ৚݅෇֬཰ PY |X(y|x)ʹΑΓఆٛ͞ΕΔ௨৴






ૹ৴ූ߸ޠΛද֬͢཰ม਺ΛX = (X1, . . . , XN )ͱ͢Δͱ͖ɼ্هͷࣄޙ֬཰͸࣍ࣜͷΑ͏ʹॻ
͖௚͢͜ͱ͕Ͱ͖Δɽ
PX|Y (x|y) = PX1...XN |Y (x1, . . . , xN |y) (3.20)













PX1...XN (x1, . . . , xn−1, 0, xn+1, . . . , xN )
× PY |X1...XN (y|x1, . . . , xn−1, 0, xn+1, . . . , xN ) (3.22)
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: Low Density Parity Check)ූ߸ͷ৔߹ɼΞϧΰϦζϜ͕؆ܿʹͳΓ਺஋ܭࢉతʹ΋҆ఆ͢Δͨ
Ίɼιϑτ΢ΣΞ࣮૷ɼϋʔυ΢ΣΞ࣮૷ʹ޲͍͍ͯΔɽର਺ྖҬ sum-product෮߸๏ͷৄࡉΛ
ҎԼʹࣔ͢ɽRAූ߸ͷ෮߸ث͕ड৴৴߸ϕΫτϧ y ∈ RM+LΛड͚औͬͨͱ͢Δɽ͜Ε͸ୈ 2
ষͷࣜ (2.3)ʹΑΓఆٛ͞ΕΔɽ͜ͷड৴৴߸ϕΫτϧΛ༻͍ͯҎԼͷ෮߸๏Λ࣮ߦ͠ɼූ߸ޠΛ
ਪఆ͢Δɽ
εςοϓ̍ (ॳظԽ) ɹ֤νΣοΫϊʔυ f(l) ͷ࣋ͭ͢΂ͯͷΤοδʹରͯ͠ɼର਺֎෦஋ൺ
αf(l)→ψα , ψα ∈ E(f(l)) ΛҎԼͷࣜͰఆٛ͠ 0 Λ୅ೖ͢Δɽ࣍ʹɼ֤ϝοηʔδϊʔυ
u(m)ͷ࣋ͭ͢΂ͯͷΤοδʹରͯ͠ɼର਺ࣄલ஋ൺ βu(m)→ψɼψ ∈ D(u(m))ΛҎԼͷࣜͰ
ఆٛ͠ 0Λ୅ೖ͢Δɽ࠷ޙʹɼ֤ύϦςΟϊʔυ p(l)ͷ࣋ͭ̎ͭͷΤοδʹରͯ͠ɼର਺














·ͨɼ֬཰఻ൖͷ൓෮ճ਺Λද͢ม਺Λ It = 0ͱ͠ɼ൓෮࠷େճ਺Λม਺ Itmaxʹઃఆ͢Δɽ
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εςοϓ̎ (ର਺໬౓ൺͷܭࢉ) ɹAWGN௨৴࿏ʹ͓͚Δड৴৴߸ϕΫτϧ yͷୈ j൪໨ͷཁૉ
yj ΛؚΉ໬౓ؔ਺ P (yj |xj)͸࣍ࣜͰද͞ΕΔɽ









͜ͷͱ͖ɼyj ʹؔ͢Δର਺໬౓ൺ λj ͸࣍ࣜͰද͞ΕΔɽ
λj ! ln
P (yj |xj = 1)
P (yj |xj = −1)
=






ͨͩ͠ɼxj͸ૹ৴৴߸ϕΫτϧ xͷୈ j൪໨ͷཁૉͰ͋Γɼj ∈ {1, . . . ,M +L}Ͱ͋Δɽ͜
͔͜Βɼ̎ݩೖྗ AWGN௨৴࿏ͷ৔߹ͷର਺໬౓ൺ λj ͸ड৴৴߸ yj ͱ௨৴࿏ͷࡶԻ σ2
ͷΈʹΑΓܾఆ͞ΕΔ͜ͱ͕Θ͔Δɽશͯͷཁૉ j ∈ {1, . . . ,M + L}ʹରͯࣜ͠ (3.30)Λ
ద༻͠ɼର਺໬౓ൺϕΫτϧ Λ ∈ RM+L͕ಘΒΕΔɽ·ͨɼड৴৴߸ϕΫτϧ yͷୈ j൪
໨ͷཁૉ yj ͕ύϯΫνϟϦϯά͞Ε͍ͯΔͱ͖ର਺໬౓ൺ λj ͸ 0ͱͳΔɽ
εςοϓ̏ (ύϦςΟϊʔυॲཧ) ɹύϦςΟϊʔυ p(l)ɼl ∈ {1, . . . , L}ʹରͯ͠ҎԼͷܭࢉΛ
ߦ͍ɼର਺ࣄલ஋ൺ βΛߋ৽͢Δɽ
βp(l)→f(l′) =
⎧⎨⎩λp(l) l = L ͷͱ͖λp(l) + αf(l′′)→p(l) ͦΕҎ֎ͷͱ͖ (3.31)
ͨͩ͠ɼ(f(l′), f(l′′)) = (f(l), f(l + 1)), (f(l + 1), f(l))Ͱ͋Δɽ
εςοϓ̐ (ϝοηʔδϊʔυॲཧ) ɹϝοηʔδϊʔυ u(m)ɼm ∈ {1, . . . ,M}ʹରͯ͠ҎԼ
ͷܭࢉΛߦ͍ɼର਺ࣄલ஋ൺ βΛߋ৽͢Δɽ
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ͨͩ͠ɼ
sign(x) !
⎧⎨⎩1 x ≥ 0−1 x < 0 (3.35)
Ͱ͋Γɼؔ਺ f(x)͸
f(x) ! ln exp(x) + 1
exp(x)− 1 (3.36)
ͱఆٛ͞ΕΔɽ



























ͨͩ͠ɼl = L ͷͱ͖ύϦςΟϊʔυ p(l) ʹ݁߹͢ΔνΣοΫϊʔυ͸Ұ͚ͭͩͳͷͰ
f(l′) ∈ {f(l)}ͱͳΔɽҎ্͔ΒɼҰ࣌ਪఆޠϕΫτϧ cˆΛҎԼͷΑ͏ʹఆٛ͢Δɽ
cˆ =
[
uˆ1 . . . uˆM pˆ1 . . . pˆL
]
(3.39)
εςοϓ̓ (ύϦςΟݕࠪ) Ұ࣌ਪఆޠϕΫτϧ cˆ͕ޡΓͳ͘ූ߸ޠϕΫτϧ cʹ෮߸͞Ε͍ͯ
Δ͔Λݕࠪ͢Δɽ΋͠ɼҰ࣌ਪఆޠϕΫτϧ cˆ͕
cˆ HTRA = 0 (3.40)
Λຬͨͤ͹ɼϕΫτϧ cˆΛਪఆޠϕΫτϧͱͯ͠ग़ྗ͠ɼΞϧΰϦζϜΛऴྃ͢Δɽ









ୈ 3 ষ ଟ࣍ݩۭؒ݁߹Repeat-Accumulateූ߸Խڠௐ
ਤ 3.5: (Q, a, L)-ۭؒ݁߹RAූ߸ͷූ߸Խثͷߏ଄
(1) ූ߸Խث
ۭؒ݁߹ RAූ߸ͷූ߸Խثͷߏ଄Λਤ 3.5ʹࣔ͢ɽਤதͷه߸M͸ 2ݩ༗ݶମ F2Λཁૉʹ
΋ͪαΠζM ͷϕΫτϧΛ֨ೲ͢ΔϝϞϦΛҙຯ͠ɼ֨ೲͰ͖ΔϕΫτϧͷ਺͸೚ҙͰ͋Δɽ
·ͣॳΊʹɼූ߸Խثʹ৘ใύέοτuk ∈ FM2 ͕ೖྗ͞ΕΔɽූ߸Խثʹೖྗ͞Εͨ৘ใύέο






l ͷӈԼͷఴࣈ l ∈ {1, . . . , L}͸ූ߸ԽثͰੜ੒͞ΕΔ
ύϦςΟϕΫτϧͷ൪߸Ͱ͋Γɼܭ LݸͷύϦςΟϕΫτϧ͕ੜ੒͞ΕΔɽl ∈ NͰ͋Δ͜ͱ͔






















































ߦྻ A͸ୈ (2)અͷࣜ (3.8)Ͱఆٛͨ͠ଳର֯ߦྻͰ͋Γɼୈ (1)અʹ͓͍֤ͯ౷߹ޙܥྻ sl
͸ಠཱͰ͸ͳ͘ɼϕΫτϧ sl−1 ͷ࠷ޙඌͷཁૉͱϕΫτϧ sl ͷઌ಄ཁૉ͸ූ߸Խ͞ΕΔͱఆٛ
ͨ͜͠ͱʹΑΓɼRAූ߸ͷߦྻAͷαΠζ͸ύϦςΟϕΫτϧͷ਺͚ͩ૿Ճ͠ɼߦྻαΠζ͸
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. . . H(a)L−Q−1



































ਤ 3.6ʹ (Q, a)-regular RAූ߸Λදݱ͢ΔϓϩτάϥϑΛࣔ͢ɽ͜ͷάϥϑ͸Ұͭͷϝοηʔ
δϊʔυͱҰͭνΣοΫϊʔυɼҰͭͷύϦςΟϊʔυʹΑͬͯද͞ΕΔɽͦͯ͠஫໨͢Δ΂͖͜
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ࣔ͢ (Q, a)-regular RAූ߸ͷϓϩτάϥϑΛK ݸԣʹฒ΂ͨ΋ͷͰ͋Γɼࠨ͔Βϓϩτάϥϑ
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+ (a− 1) (3.46)











+ a− 1 (3.47)
·ͨϓϩτάϥϑ্ͷνΣοΫϊʔυͱύϦςΟϊʔυʹ΋ϝοηʔδϊʔυͱಉ༷ʹࠨ͔Β










































ූ߸Խ཰͸ύϥϝʔλQ, a,KͷΈʹΑܾͬͯఆ͞ΕΔɽ͜ͷූ߸Խ཰Λ࣋ͭූ߸Λ (Q, a,K)-ۭ
ؒ݁߹RAූ߸ͱఆٛ͞ΕΔɽ
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ຊষͰ͸ɼۭؒ݁߹RAූ߸ͷ෮߸Λୈ (4)અͰࣔͨ͠ର਺ྖҬ sum-product෮߸๏ͱɼୈ (2)
અͷਤ 3.8ʹۭࣔͨؒ݁͠߹RAූ߸ͷϓϩτάϥϑදݱΛ༻͍ͯ෮߸Λߦ͏ɽ
·ͣɼਤ 3.8 ͷϓϩτάϥϑΛλφʔάϥϑ্Ͱߟ͑ɼϝοηʔδϊʔυʹ͸ u(km) m ∈








y1 . . . yK+L
]
∈ R(K+L)M (3.50)
















ਤ 3.9ʹɼεϩοτ jʹ͓͚Δ୺຤ iͷූ߸ԽثΛࣔ͢ɽූ߸Խث͸ɼ৘ใύέοτΛW ݸ֨
ೲՄೳͳ̍ͭͷϝϞϦMͱɼQݸͷ͓ޓ͍ʹ౷ܭతʹಠཱͳΠϯλʔϦʔό∏ɼഉଞత࿦ཧ࿨
ԋࢉࢠɼ̍Ϗοτ஗ԆثDͱഉଞత࿦ཧ࿨ԋࢉࢠ͔Β੒ΔAccumulatorʹΑͬͯߏ੒͞ΕΔɽ
εϩοτ jʹ͓͍ͯɼϝϞϦM͸εϩοτ jҎલʹड͚औͬͨWݸͷ৘ใύέοτ{uj′ | j−W ≤
j′ ≤ j − 1, j′ ∈ N }Λ֨ೲ͍ͯ͠Δɽͨͩ͠ɼN͸ 1Ҏ্ͷࣗવ਺ͷू߹Λද͢ɽୈ 2ষͰड़΂
ͨΑ͏ʹɼύϦςΟύέοτ pj ͸ϝϞϦ͔Βεϩοτू߹ C(j)ʹରԠ͢Δ৘ใύέοτ͕ग़ྗ
͢Δ͜ͱʹΑΓੜ੒͞ΕΔɽMD-SC-RA-CCʹ͓͍ͯɼू߹ C(j)͸ҎԼͷࣜͰఆٛ͞ΕΔɽ
C(j) = {{j − v1, . . . , j − vq, . . . , j − vQ} ∩ N} (3.52)
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ਤ 3.9: εϩοτ jʹ͓͚Δ୺຤ iͷූ߸Խث (ͨͩ͠ɼC(j) = {c1, c2, . . . , c|C(j)|})
ͨͩ͠ɼq = 1, 2, . . . , Q Ͱ͋Δɽू߹ C(j) ͸ N ͱͷू߹ੵΛؚΜͰ͍ΔͨΊɼͦͷαΠζ͸
0 ≤ |C(j)| ≤ QͱͳΓɼ|C(j)| = 0ͷͱ͖ɼύϦςΟύέοτ͸ੜ੒͞Εͳ͍ɽύϥϝʔλ vq͸ɼ
εϩοτ jͷύϦςΟύέοτ͕ vqҎલʹड͚औͬͨ৘ใύέοτ͔Βੜ੒͞ΕΔ͜ͱΛҙຯ͢
Δɽ͜ΕΒͷύϥϝʔλΛ݁߹ϕΫτϧ vͱͯ͠ɼҎԼͷΑ͏ʹఆٛ͢Δɽ
v = (v1, . . . , vq, . . . , vQ) (3.53)
vq͸ू߹ {1, . . . ,W}ͷ஋͔Βॏෳͳ͘༩͑ΒΕɼ֤ཁૉ͸ঢॱʹฒ΂ΒΕΔɽͨͩ͠ɼW ͸ vQ
͕औΓಘΔ࠷େ஋Λ༩͑ɼූ߸ԽثͷϝϞϦͷαΠζʹରԠ͢Δɽ










Δɽ࠷ޙʹɼ৘ใύέοτ vj ͱύϦςΟύέοτ pj ͕࿈઀͞Εූ߸ޠͱͳΓɼϒϩʔυΩϟε
τૹ৴͞ΕΔɽ
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ਤ 3.10: શ৘ใύέοτ਺ NT = 20ɼ݁߹ϕΫτϧ v = (1, 2, 3, 4)ɼϕΫτϧͷཁૉ਺ Q = 4ɼ
ϝϞϦαΠζW = 4Ͱ͋Δ SC-RA-CCͷύϦςΟݕࠪߦྻ
3.3.2 ύϦςΟݕࠪߦྻ
ຊઅʹ͓͍ͯɼMD-SC-RA-CCͷύϦςΟݕࠪߦྻΛઆ໌͢Δɽਤ 3.10ʹɼશ৘ใύέοτ਺
NT = 20ɼ݁߹ϕΫτϧ v = (1, 2, 3, 4)ɼϕΫτϧͷཁૉ਺Q = 4ɼϝϞϦαΠζW = 4ͷͱ͖
ͷύϦςΟݕࠪߦྻΛࣔ͢ɽ݁߹ϕΫτϧ vͷ஋͔Βɼ͜Ε͸ SC-RA-CCʹରԠ͢ΔɽύϦςΟ
ݕࠪߦྻ͸ཁૉ 1ʹΑͬͯߏ੒͞ΕΔαΠζ (NT +W ) × NT ͷࠨ෦෼ߦྻͱɼI2ʹΑͬͯߏ
੒͞ΕΔαΠζ (NT +W )× (NT +W )ͷӈ෦෼ߦྻ͔Β੒Δɽ֤ྻͱߦʹ͸લड़ͷεϩοτ൪
߸͕هࡌ͞Εɼࠨ෦෼ͷ֤ྻ͸৘ใύέοτͷܥྻɼӈ෦෼ͷ֤ྻ͸ύϦςΟύέοτͷܥྻʹ
ͦΕͧΕରԠ͢Δɽཁૉ 1͸ɼαΠζM ×MɼߦॏΈ 1ɼྻॏΈ 1ͷೋ஋ߦྻͰ͋Γɼ֤ཁૉ 1
͸͓ޓ͍ʹ౷ܭతʹಠཱͰ͋Δɽ͜Ε͸ූ߸ԽثͷΠϯλʔϦʔόʹରԠ͢Δɽཁૉ I2͸αΠζ





ྫͱͯ͠εϩοτ 9ʹ஫໨ͨ͠ͱ͖ɼύϦςΟύέοτ p9 ͸ɼ݁߹ϕΫτϧ v = (1, 2, 3, 4)
ͱࣜ (3.52)͔Βεϩοτू߹ C(9) = {9 − 1, 9 − 2, 9 − 3, 9 − 4} = {5, 6, 7, 8}ͷ৘ใύέοτΛ
༻͍ͯੜ੒͞ΕΔɽਤ 3.10Ͱ΋ಉ༷ʹɼεϩοτ൪߸ 9ͷύϦςΟύέοτܥྻ͸εϩοτ൪߸
5, 6, 7, 8ͷ৘ใύέοτܥྻͱɼεϩοτ൪߸ 9ͷߦΛհͯ͠ɼؔ܎෇͚ΒΕ͍ͯΔɽҎ্͔Βɼ
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ਤ 3.11ʹɼ݁߹ϕΫτϧ v = (2, 6, 8, 9)ɼϝϞϦαΠζW = 9ʹΑͬͯఆٛ͞ΕΔMD-SC-
RA-CCͷύϦςΟݕࠪߦྻΛࣔ͢ɽ݁߹ϕΫτϧ vͷཁૉͷ஋Λ SC-RA-CCΑΓ΋େ͖͘͢Δ
͜ͱʹΑͬͯɼࠨ෦෼ͷཁૉ 1͕Լଆʹ޿͕Γɼ5ߦ෼௥Ճ͞Ε͍ͯΔ͜ͱ͕Θ͔ΔɽͦΕʹ൐
͍ɼӈ෦෼ͷεϩοτ 25, . . . , 29ʹ஫໨͢Δͱ 5ݸͷύϦςΟύέοτܥྻ͕௥Ճ͞Ε͍ͯΔ͜
ͱ͕Θ͔Δɽྫͱͯ͠εϩοτ 12ʹ஫໨ͨ͠ͱ͖ɼύϦςΟύέοτܥྻ p12͸ɼεϩοτू߹
C(12) = {12− 2, 12− 6, 12− 8, 12− 9} = {3, 4, 6, 10}ͷ৘ใύέοτܥྻʹΑ੍ͬͯ໿Λड͚ͯ





ਤ 3.12ʹɼશ৘ใύέοτ਺NT = 20ɼ݁߹ϕΫτϧ v = (1, 2, 3, 4)ɼϕΫτϧͷཁૉ਺Q = 4
ͷͱ͖ͷ 1࣍ݩϓϩτάϥϑΛද͢ɽਤ 3.10ͷύϦςΟݕࠪߦྻͱಉ༷ʹɼ݁߹ϕΫτϧ v ͷ
஋͔Βɼ͜Ε͸MD-SC-RA-CCΛಛघԽͨ͠ SC-RA-CCʹରԠ͢Δɽάϥϑ্෦ͷ਺ࣈ͸ɼࣜ
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ਤ 3.12: શ৘ใύέοτ਺ NT = 20ɼ݁߹ϕΫτϧ v = (1, 2, 3, 4)ɼϕΫτϧͷཁૉ਺ Q = 4ɼ






ϦʔόΛؚΉɽͭ·Γɼݕࠪߦྻ্Ͱཁૉ 1͕ྻ jcͱߦ jr্ʹҐஔ͢Δͱ͖ɼྻʹରԠ͢Δ৘ใ
ϊʔυ jcͱߦʹରԠ͢ΔνΣοΫϊʔυ jrؒͰΤοδ͕ܗ੒͞ΕΔɽͨͩ͠ɼjc = 1, 2, . . . , NTɼ
jr = 1, 2, . . . , NT +W Ͱ͋Δɽݕࠪߦྻͷࠨ෦෼ߦྻʹ͓͍ͯྻॏΈ͸QͰ͋ΔͨΊɼશͯͷ












ਤ 3.11ʹɼ݁߹ϕΫτϧ v = (2, 6, 8, 9)ɼϝϞϦαΠζW = 9ͷMD-SC-RA-CCͷ 1࣍ݩϓ
ϩτάϥϑΛࣔ͢ɽύϦςΟݕࠪߦྻͱಉ༷ʹɼ݁߹ϕΫτϧ vͷཁૉ͕େ͖͘ͳΔ͜ͱʹΑͬ
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ਤ 3.13: શ৘ใύέοτ਺ NT = 20ɼ݁߹ϕΫτϧ v = (2, 6, 8, 9)ɼϕΫτϧͷཁૉ਺ Q = 4ɼ




ͱਤ 3.15ʹࣔ͢ɽ͜Ε·Ͱ͸ɼεϩοτ൪߸ jΛ༻͍ͯٞ࿦͍͕ͯͨ͠ɼ͜͜Ͱ͸୺຤൪߸ iͱϒ
ϩοΫ൪߸ tΛಋೖ͠ɼͦΕΒΛ༻͍ͨ 2࣍ݩάϥϑදݱͰද͢ɽਤͷॎ࣠͸୺຤൪߸ iʹରԠ͠ɼ










Δɽਤ 3.12ΛݟΔͱɼεϩοτ 2ͷνΣοΫϊʔυʹ͸ 1ຊͷ৘ใϊʔυͷΤοδ͕ೖྗ͞Εͯ














NTM + (NT + vQ − v1)M =
NT
2NT + vQ − v1 (3.55)
NTM͸શ৘ใύέοτͷϏοτ਺ʹରԠ͠ɼ(NT+vQ−v1)M͸શύϦςΟύέοτͷϏοτ਺ʹ
ରԠ͢Δɽ͜ͷ͔ࣜΒ෼͔ΔΑ͏ʹɼ୺຤਺N΋͘͠͸ɼϒϩοΫ਺T ͕ແݶେͷͱ͖ɼ(vQ−v1)




Ϋτϧ v = (1, 2, . . . , Q)ͷ SC-RA-CCͰ͋Δɽ
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ਤ 3.14: શ৘ใύέοτ਺ NT = 20ɼ݁߹ϕΫτϧ v = (1, 2, 3, 4)ɼϕΫτϧͷཁૉ਺ Q = 4ɼ
ϝϞϦαΠζW = 4Ͱ͋Δ SC-RA-CCͷ 2࣍ݩϓϩτάϥϑදݱ
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ਤ 3.15: શ৘ใύέοτ਺ NT = 20ɼ݁߹ϕΫτϧ v = (2, 6, 8, 9)ɼϕΫτϧͷཁૉ਺ Q = 4ɼ













͏ɽ༗ݶͷ৴߸ిྗରࡶԻిྗൺ (SNR: Signal-to-Noise Ratio)ʹ͓͍ͯ͸ɼ͜ͷΑ͏ͳΠϕϯτ
ͷൃੜ֬཰Ͱ͋ΔΞ΢ςʔδ֬཰Λθϩʹ͢Δ͜ͱ͸Ͱ͖ͳ͍ɽ͜ͷࣄ࣮͔ΒɼϒϩοΫϨΠϦʔ
ϑΣʔσΟϯά௨৴࿏ΛΑΓ؆ศʹදͨ͠ϒϩοΫফࣦ௨৴࿏ (BEC: Block Erasure Channels)[28]
Λಋೖ͢ΔɽBECͷఆٛΛҎԼʹࣔ͢ɽ
ૹ৴͞ΕͨύέοτͷશϏοτ͸֬཰ ϵB ʹ͓͍ͯશͯফࣦ͠ɼ֬཰ 1 − ϵB Ͱશ
ͯਖ਼͘͠ड৴͞ΕΔɽ
γεςϜϞσϧʹ͓͍ͯɼ2छྨͷϒϩοΫϨΠϦʔϑΣʔσΟϯάΛఆٛͨ͠Α͏ʹɼຊઅʹ
͓͍ͯ΋ 1-BECͱ T -BECͷ 2छྨΛఆٛ͢Δɽ1-BECʹ͓͍ͯ͸ɼϒϩοΫ tͰ୺຤ i͕ૹ৴
ͨ͠ύέοτ͸֬཰ ϵBʹै͍ɼ౷ܭతಠཱʹফࣦ͢Δɽͭ·Γɼεϩοτ j͝ͱʹɼফࣦ͔ফࣦ
ͳ͔͕͠༩͑ΒΕΔɽҰํɼT -BECʹ͓͍ͯ͸ɼεϩοτ tʹ͸ؔ܎ͳ͘ɼ୺຤ iͷΈʹରͯ͠ɼ
ύέοτ͸֬཰ ϵBʹै͍ɼ౷ܭతಠཱʹফࣦ͢Δɽͭ·Γɼ֤୺຤ͱج஍ہؒͷ௨৴࿏ͷ؀ڥ͸
ූ߸Խڠௐ௨৴ͷ࢝·Γ͔Βऴྃ·ͰҰ੾มΘΒͳ͍ɽ
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x(1)(j)(q)l ͸ɼεϩοτ jʹҐஔ͢Δ৘ใϊʔυ͔Β৳ͼΔ q൪໨ͷΤοδʹ͍ͭͯɼ৘ใϊʔ
υ͔ΒνΣοΫϊʔυํ޲ʹྲྀΕΔফࣦ֬཰Λද͠ɼl͸ີ౓ൃల๏ʹ͓͚Δ֬཰఻ൖͷճ਺Λද
͢ɽಉ༷ʹɼx(2)(j)(q)l ͸ɼεϩοτ jʹҐஔ͢Δ৘ใϊʔυ͔Β৳ͼΔ q൪໨ͷΤοδʹ͍ͭͯɼ
νΣοΫϊʔυ͔Β৘ใϊʔυํ޲ʹྲྀΕΔফࣦ֬཰Λද͢ɽࠓޙͷઆ໌ͷ؆୯ԽͷͨΊʹɼϓ
ϩτάϥϑશମͰͷΤοδ൪߸ k = (j − 1)Q+ qΛఆٛ͢ΔɽҎԼͰ͸ɼεϩοτ jͷ q൪໨ͷ













εϩοτ jͷ৘ใϊʔυʹೖྗ͞ΕΔΤοδͷ൪߸ू߹ V ′(j)ΛҎԼͷΑ͏ʹఆٛ͢Δɽ
V ′(j) = {(j − 1)Q+ 1, . . . , (j − 1)Q+Q}. (4.1)
࣍ʹɼεϩοτ jͷνΣοΫϊʔυʹೖྗ͞ΕΔΤοδͷ൪߸ू߹ C′(j)ΛҎԼͷΑ͏ʹఆٛ͢Δɽ
C′(j) = {{(j − v1)Q+Q, . . . , (j − vQ)Q+ 1} ∩ N} . (4.2)
͞Βʹɼεϩοτ jʹ͓͍ͯૹ৴͞Εͨύέοτ͕఻ൖ͢Δ௨৴࿏ͷϏοτফࣦ֬཰Λ ϵ(j)ͱ͢










͜Ε͸ɼεϩοτ j ͷνΣοΫϊʔυʹ͍ͭͯɼΤοδ kΛআ͘શͯͷΤοδͷফࣦͰͳ͍֬཰
Λ৐ࢉͨ͠΋ͷͷิࣄ৅Λද͢ɽύϦςΟϊʔυ͔ΒνΣοΫϊʔυ΁৳ͼΔΤοδ͸ 2ຊ͋Δ
ͨΊɼ(1− y(1)(j)l )͸ 2৐͞ΕΔɽಉ༷ʹɼνΣοΫϊʔυ͔ΒύϦςΟϊʔυ΁ͷΤοδ͕࣋ͭ
ফࣦ֬཰ y(2)(j)l+1͸࣍ࣜͰ༩͑ΒΕΔɽ
y(2)(j)l+1 =
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ςΟϊʔυ͔ΒνΣοΫϊʔυ΁ͷΤοδ͕࣋ͭফࣦ֬཰ y(1)(j)l+1͸࣍ࣜͰ༩͑ΒΕΔɽ
y(1)(j)l+1 = ϵ







Decoding Failure Probability)PdΛಋೖ͠ɼ͜ΕΛ༻͍ͯɼ݁߹ϕΫτϧ v͝ͱͷධՁΛߦ͏ɽ
4.3 ෮߸ࣦഊ֬཰ͷԼք









Pd ≥ 1− (1− ϵQ+1B )NT (4.7)
4.3.2 T -BECͷ৔߹
Ϗοτফࣦ௨৴࿏ʹ͓͚Δ௨৴࿏༰ྔ͸௨৴࿏Ͱͷফࣦ֬཰Λ ϵͱஔ͘ͱɼ1− ϵʹΑͬͯද͞
ΕΔɽT -BECʹ͓͚Δ௨৴࿏༰ྔ΋ಉ༷ʹٻΊΒΕΔɽྫ͑͹ɼ୺຤਺ N = 5ͱԾఆ͢Δͱɼ
T -BEC্Ͱ౷ܭతʹಠཱͳ௨৴࿏͸ 5ຊଘࡏ͠ɼ֤௨৴࿏ʹରͯ͠ফࣦ͔ফࣦͰͳ͍͔͸ϒϩο
Ϋফࣦ֬཰ ϵB ʹΑͬͯ༩͑ΒΕΔɽ5ຊͷ௨৴࿏த 2ຊͷ௨৴࿏͕ফࣦͨ͠ͱ͖ɼશମͰͷॠ࣌
తͳফࣦ֬཰͸ 2/5 = 0.4ͱͳΓɼT -BECʹ͓͚Δॠ࣌తͳ௨৴࿏༰ྔ͸ 1− 0.4 = 0.6ͱͳΔɽ
ࣜ (3.55)͔ΒMD-SC-RA-CCͷ࣮༻తͳූ߸Խ཰͸ 0.5ΑΓগ͠খ͍͞஋Ͱ͋ΔͨΊɼ͜ͷ௨৴
࿏ঢ়ଶͰ͸෮߸͕Մೳͱݴ͑ΔɽҰํɼ5ຊͷ௨৴࿏த 3ຊͷ௨৴࿏͕ফࣦͨ͠ͱ͖ɼશମͰͷ
ॠ࣌తͳফࣦ֬཰͸ 3/5 = 0.6ͱͳΓɼT -BECʹ͓͚Δॠ࣌తͳ௨৴࿏༰ྔ͸ 1− 0.6 = 0.4ͱͳ
Δɽ͜ͷͱ͖ɼ௨৴࿏༰ྔ͕MD-SC-RA-CCͷූ߸Խ཰ΑΓ΋খ͘͞ͳΔͨΊɼফࣦΛగਖ਼͢Δ
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ਤ 4.1: શ৘ใύέοτ਺NT = 20ɼ݁߹ϕΫτϧ v = (1, 2, 3, 4)ɼϕΫτϧͷཁૉ਺Q = 4ɼϝ
ϞϦαΠζW = 4Ͱ͋Δ SC-RA-CCͷ 1࣍ݩϓϩτάϥϑදݱɽεϩοτ 4, 5ͷ৘ใϊʔυͱɼ
εϩοτ 5, 6ͷνΣοΫϊʔυؒʹ͓͍ͯ௕͞ 4ͷϧʔϓɼεϩοτ 12, 13, 14ͷ৘ใϊʔυͱε







l (1− ϵ)N−l (4.8)
⌈(1− r)N⌉͸௨৴࿏༰ྔ͕ූ߸Խ཰ΛԼճΔͱ͖ʹɼফࣦ͍ͯ͠Δ௨৴࿏ͷ࠷খຊ਺Λද͢ɽͦ
















ಋग़ͨ͠ͱ͖ͷ ϵQ+1 = ϵ5ΑΓ΋໌Β͔ʹେ͖͍͜ͱ͕ݴ͑Δɽ
















(v(k)m modN) ̸=(v(k)n modN), (v(k)m modN) > 0, ∀m,n∈ [1, q], m ̸=n, N >q (4.9)
4.5 BECʹ͓͚Δ਺஋ྫ
্هͷ 2ͭͷઃܭࢦ਑ͷҙٛΛ໌Β͔ʹ͢ΔͨΊʹɼBEC্ͰͷMD-SC-RA-CCͷ਺஋݁Ռ
Λࣔ͢ɽ͜͜Ͱ͸MD-SC-RA-CCͷύϥϝʔλ৚݅ͱͯ͠ɼ୺຤਺N = 5ɼϒϩοΫ਺ T = 20ɼ




ͳ͍݁߹ϕΫτϧΛಋग़͠ɼͦΕ͸ v = (1, 3, 4, 9)ͱͳΔɽ࣍ʹɼ2ͭ໨ͷઃܭࢦ਑Ͱ͋Δϑϧ
Τοδ৚݅Λຬͨ͠ɼ͔ͭͦͷதͰ࠷΋খϧʔϓ͕গͳ͍ϓϩτάϥϑΛߏ੒͢Δ݁߹ϕΫτϧ
ΛٻΊͨɽͦͷ݁ՌɼͦΕ͸ v = (2, 6, 8, 9)Ͱ͋Δͱ໌Β͔ʹͳͬͨɽv = (1, 3, 4, 9)͸ 1-BEC
ʹ͓͍ͯ࠷΋༏Εͨ෮߸ಛੑΛࣔ͠ɼv = (2, 6, 8, 9)͸ T -BECʹ͓͍ͯ࠷΋༏Εͨ෮߸ಛੑΛࣔ
͠ɼ͔ͭ 1-BECʹ͓͍ͯ΋༏Εͨ෮߸ಛੑΛࣔ͢͜ͱ͕༧૝Ͱ͖Δɽ
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ਤ 4.2: 1-BECʹ͓͚Δ݁߹ϕΫτϧ v = (2, 6, 8, 9)ɼ(1, 2, 3, 4)ɼ(1, 3, 4, 9)ͷMD-SC-RA-CC
ͷDFPಛੑʢN = 5ɼT = 20ɼQ = 4ʣ
4.5.1 1-BECͷ৔߹
ਤ 4.2ʹ݁߹ϕΫτϧ (1, 2, 3, 4), (1, 3, 4, 9), (2, 6, 8, 9)ʹΑͬͯ༩͑ΒΕΔMD-SC-RA-CCͷ
1-BEC্ʹ͓͚ΔDFPಛੑΛࣔ͢ɽԣ࣠͸ϒϩοΫফࣦ֬཰ ϵB Λද͠ɼࠇͷ࣮ઢ͸ 1-BECʹ
͓͚ΔDFPಛੑͷԼքΛࣔ͢ɽਤ 4.2͔Β෼͔ΔΑ͏ʹɼখϧʔϓ͕࠷΋গͳ͍ϓϩτάϥϑΛ
ߏ੒͢Δ v = (1, 3, 4, 9)͕DFPͷԼքʹ઴ۙ͠ɼ࠷΋༏ΕͨಛੑΛࣔ͢͜ͱ͕Θ͔Δɽ͜ͷ݁Ռ
͸ɼ1-BECʹ͓͚Δઃܭࢦ਑ 1ͷॏཁੑΛ໌֬ʹ͍ࣔͯ͠Δͱݴ͑Δɽv = (2, 6, 8, 9)ͷDFPಛ
ੑ͸ɼྫ͑͹ ϵB = 0.1ͷͱ͖ v = (1, 3, 4, 9)ͷDFPಛੑΑΓ΋໿ 0.001ྼ͍ͬͯΔ͕ɼখϧʔϓ
ͷ਺Λൺֱతগͳ͍ͯ͘͠ΔͨΊɼDFPͷԼքʹ઴͍ۙͯ͠Δ͜ͱ͕Θ͔ΔɽҰํɼSC-RA-CC
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ද 4.1: T -BECʹ͓͚Δ݁߹ϕΫτϧ v = (2, 6, 8, 9)ɼ(1, 2, 3, 4)ɼ(1, 3, 4, 9)MD-SC-RA-CCͷ
DFPಛੑʢN = 5ɼT = 20ɼQ = 4ʣ
v (1, 2, 3, 4) (1, 3, 4, 9) (2, 6, 8, 9) Լք
Coding rate 0.493 0.480 0.483
DFP 4.50 × 10−2 8.56 × 10−3 8.56 × 10−3 8.56 × 10−3
E0 0 0 0 0
E1 0 0 0 0
E2 5 0 0 0
E3 10 10 10 10
E4 5 5 5 5




ͰɼT -BECʹ͓͍ͯऔΓಘΔશͯͷ௨৴࿏ঢ়ଶ਺͸ 2N ʹΑͬͯ༩͑ΒΕΔɽ֤௨৴࿏ঢ়ଶ͸ɼ
N ݸͷ௨৴࿏ͷ͏ͪ lݸͷ௨৴࿏͕ফࣦ͓ͯ͠ΓɼN − lݸͷ௨৴࿏͕ফࣦͰͳ͍৔߹͕ߟ͑Β








ϒϩοΫফࣦ֬཰͸ ϵB Ͱ͋ΔͷͰɼN ݸͷ௨৴࿏ͷ͏ͪ lݸͷ௨৴࿏͕ফࣦͨ͠ͱ͖ͷDFP







͜͜ͰɼEl͸݁߹ϕΫτϧ vʹΑͬͯҰҙʹܾఆ͞Εɼ͜Ε͸ϒϩοΫফࣦ֬཰͸ ϵB ʹґଘ͠
ͳ͍ɽ݁߹ϕΫτϧ vʹΑΔ DFPಛੑͷࠩҟ͸ɼEl ʹΑͬͯͷΈܾఆ͞ΕɼϵB ʹґଘ͠ͳ͍ɽ
Ҏ্͔Βɼ༏Εͨ݁߹ϕΫτϧ vͷ୳ࡧΛߦ͏ͱ͖ɼ೚ҙͷϒϩοΫফࣦ֬཰ ϵB ∈ [0, 1]ʹ͓͍
ͯɼDFPಛੑͷධՁ͕ՄೳͰ͋Δͱݴ͑Δɽ
ຊઅͰ͸ɼT -BECʹ͓͍ͯີ౓ൃల๏Λߦ͍ɼElΛٻΊɼ݁߹ϕΫτϧ vͷධՁΛߦ͏ɽද
4.1ʹ T -BEC্ʹ͓͍ͯ݁߹ϕΫτϧ (1, 2, 3, 4), (1, 3, 4, 9), (2, 6, 8, 9)ʹΑͬͯ༩͑ΒΕΔMD-
SC-RA-CCͷDFPಛੑΛࣔ͢ɽͨͩ͠ɼϒϩοΫফࣦ֬཰͸ ϵB = 0.10Ͱ͋ΓɼDFPಛੑͷԼ
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ද 4.2: T -BECʹ͓͚Δ݁߹ϕΫτϧ v = (1, 3, 6, 10, 11), (1, 4, 8, 9, 11)MD-SC-RA-CCͷ DFP
ಛੑʢN = 6ɼT = 15ɼQ = 5ʣ
v (1, 3, 6, 10, 11) (1, 4, 8, 9, 11) Լք
Coding rate 0.480 0.480
DFP 5.64 × 10−3 1.27 × 10−3 1.27 × 10−3
E0 0 0 0
E1 0 0 0
E2 0 0 0
E3 6 0 0
E4 15 15 15
E5 6 6 6
E6 1 1 1
ք΋ಉ࣌ʹࣔ͢ɽද 4.1͔Βɼv = (1, 2, 3, 4)͸ϑϧΤοδ݁߹͍ͯ͠Δʹ΋ؔΘΒͣ E2 = 5ͱ
ͳ͓ͬͯΓɼDFPಛੑ͕Լք͔Βဃ཭͍ͯ͠Δ͜ͱ͕Θ͔ΔɽҰํ v = (1, 3, 4, 9)ͱ (2, 6, 8, 9)
ͷ DFPಛੑ͸ɼԼքͷ DFPಛੑͱ׬શʹҰக͍ͯ͠Δ͜ͱ͕Θ͔Δɽ͜ͷཧ༝͸ɼ4.3.2અͰ
ࣔͨ͠Լքʹ͓͚Δ࠷େͷॠ࣌௨৴࿏༰ྔͱɼMD-SC-RA-CCͷූ߸Խ཰ͱͷ͕ࠩେ͖͍͜ͱʹ
͋ΔɽҰྫͱͯ͠ɼ୺຤਺N = 5ɼූ߸Խ཰ r = 0.480ΛԾఆ͢ΔͱɼԼքʹ͓͚Δ࠷େͷॠ࣌
௨৴࿏༰ྔ͸ 0.60ͱͳΓɼ͜Ε͸ 5ݸͷ௨৴࿏த 2ݸͷ௨৴࿏͕ফࣦͨ͠৔߹ʹରԠ͢ΔɽΑͬ




୺຤਺N = 6ɼϒϩοΫ਺ T = 15ɼ݁߹ϕΫτϧαΠζQ = 5Ͱ͋Γɼॴ๬ͷූ߸Խ཰ͷ࠷খ஋
rmin = 0.48Λຬͨ͢৔߹Λߟ͑Δɽ͜ͷͱ͖ɼԼքʹ͓͚Δ࠷େͷॠ࣌௨৴࿏༰ྔ͸ 0.50ͱͳΓɼ
͜Ε͸ 6ݸͷ௨৴࿏த 3ݸͷ௨৴࿏͕ফࣦͨ͠৔߹ʹରԠ͢Δɽ͜ ͷ৚݅ͷ΋ͱɼ1ͭ໨ͷઃܭࢦ਑
Ͱ͋ΔɼͰ͖ΔݶΓখϧʔϓ͕গͳ͍ϓϩτάϥϑΛߏ੒͢Δ݁߹ϕΫτϧ͸ɼv = (1, 3, 6, 10, 11)
Ͱ͋Δɽ࣍ʹɼ2ͭ໨ͷઃܭࢦ਑Ͱ͋ΔϑϧΤοδ৚݅Λຬͨ͠ɼ͔ͭͦͷதͰ࠷΋খϧʔϓ͕
গͳ͍ϓϩτάϥϑΛߏ੒͢Δ݁߹ϕΫτϧ͸ɼv = (1, 4, 8, 9, 11)Ͱ͋Δɽද 4.2ʹ T -BEC্
ʹ͓͍ͯ݁߹ϕΫτϧ (1, 3, 6, 10, 11), (1, 4, 8, 9, 11)ʹΑͬͯ༩͑ΒΕΔMD-SC-RA-CCͷDFP
ಛੑΛࣔ͢ɽͨͩ͠ɼϒϩοΫফࣦ֬཰͸ ϵB = 0.10Ͱ͋ΓɼDFPಛੑͷԼք΋ಉ࣌ʹࣔ͢ɽ
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1. {v1, . . . , N + vQ}; ϓϩτάϥϑશମ
2. {W − v1, . . . , N − (W + vQ)}; ྆୺Λআ͘தଆͷϓϩτάϥϑ




਺N = 5ɼϒϩοΫ਺ T = 20ɼ݁߹ϕΫτϧαΠζQ = 4ɼ݁߹ϕΫτϧ v = (2, 6, 8, 9)ΛԾఆ
͢ΔɽධՁࢦඪ͸ ҎԼͷࣜΛຬͨ͢ BPᮢ஋ ϵthΛ༻͍Δɽ
ϵth ! sup
{
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(1, 2, 3, 4), (1, 3, 4, 9), (2, 6, 8, 9)Λ༻͍ɼύϥϝʔλ͸୺຤਺N = 5ɼϒϩοΫ਺T = 20ɼϕΫτϧ







ද 4.4ͱද 4.5ʹɼ݁߹ϕΫτϧ (1, 2, 3, 4), (1, 3, 4, 9), (2, 6, 8, 9), (1, 2, 3, 4, 5), (1, 3, 6, 10, 11),
(1, 4, 8, 9, 11)ʹΑͬͯ༩͑ΒΕΔύϯΫνϟυMD-SC-RA-CCͷDFPಛੑΛࣔ͢ɽ୺຤਺N = 5
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ද 4.4: T -BECʹ͓͚Δ݁߹ϕΫτϧ v = (2, 6, 8, 9)ɼ(1, 2, 3, 4)ɼ(1, 3, 4, 9)ύϯΫνϟυMD-
SC-RA-CCͷDFPಛੑʢN = 5ɼT = 20ɼQ = 4ʣ
ɹɹɹɹɹɹɹɹɹɹ SC-RA-CC ύϯΫνϟυMD-SC-RA-CC Լք
v (1, 2, 3, 4) (1, 3, 4, 9) (2, 6, 8, 9)
Coding rate 0.493 0.493 0.493
DFP 4.50 × 10−2 8.56 × 10−3 8.56 × 10−3 8.56 × 10−3
E0 0 0 0 0
E1 0 0 0 0
E2 5 0 0 0
E3 10 10 10 10
E4 5 5 5 5
E5 1 1 1 1








߹ͷ਺஋݁ՌΛࣔ͢ɽද 4.2ͱൺֱ͢Δͱɼ(1, 3, 6, 10, 11), (1, 4, 8, 9, 11)ͷDFPಛੑ͕Լք͔Β཭
Ε͍ͯΔ͜ͱ͕Θ͔Δɽ۩ମతʹ͸ɼE3 = 20͕௥Ճ͞Ε͓ͯΓɼ6ݸͷ͏ͪɼ3ݸͷ௨৴࿏͕ফࣦ
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ද 4.5: T -BECʹ͓͚Δ݁߹ϕΫτϧ v = (1, 2, 3, 4, 5), (1, 3, 6, 10, 11), (1, 4, 8, 9, 11)ύϯΫνϟ
υMD-SC-RA-CCͷDFPಛੑʢN = 6ɼT = 15ɼQ = 5ʣ
ɹɹɹɹɹɹɹ SC-RA-CC ύϯΫνϟυMD-SC-RA-CC Լք
v (1, 2, 3, 4, 5) (1, 3, 6, 10, 11) (1, 4, 8, 9, 11)
Coding rate 0.489 0.489 0.489
DFP 5.38 × 10−2 1.59 × 10−2 1.59 × 10−2 1.27 × 10−3
E0 0 0 0 0
E1 0 0 0 0
E2 4 0 0 0
E3 20 20 20 0
E4 15 15 15 15
E5 6 6 6 6
E6 1 1 1 1
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ຊষͰ͸ɼ2ͭͷઃܭࢦ਑Λຬͨ݁͢߹ϕΫτϧʹ͍ͭͯ 1-ϒϩοΫͱ T -ϒϩοΫϨΠϦʔ
ϑΣʔσΟϯά௨৴࿏্ͰͷޡΓ཰ಛੑΛܭࢉػγϛϡϨʔγϣϯʹΑͬͯٻΊΔɽධՁࢦඪͱ
ͯ͠͸ɼ৘ใύέοτͷ͏ͪ 1ϏοτͰ΋ޡ͍ͬͯΔͱ͖ʹޡΓͱ͢ΔɼύέοτޡΓ཰ (PER:
Packet Error Rate)Λ༻͍ΔɽγϛϡϨʔγϣϯύϥϝʔλ͸ද 5.1ʹهࡌ͢ΔɽS-ϥϯμϜΠϯ
λʔϦʔόͷSύϥϝʔλ͸ 7ͱ͢Δɽ֬཰఻ൖ๏ͱͯ͠͸ɼSum-Puroduct෮߸๏Λ༻͍ɼ࠷େ
܁Γฦ͠ճ਺Λ 120ճͱͨ͠ɽຊγϛϡϨʔγϣϯͰ༻͍Δ݁߹ϕΫτϧ͸ɼͰ͖ΔݶΓখϧʔϓ
͕গͳ͍ϓϩτάϥϑΛߏ੒͢Δ݁߹ϕΫτϧ v = (1, 3, 4, 9)ͱɼϑϧΤοδ৚݅Λຬͨ͠ɼ͔ͭ
ͦͷதͰ࠷΋খϧʔϓ͕গͳ͍ϓϩτάϥϑΛߏ੒͢Δ݁߹ϕΫτϧ v = (2, 6, 8, 9)ɼͦͯ͠ɼै
དྷํࣜͷ SC-RA-CCΛߏ੒͢Δ݁߹ϕΫτϧ v = (1, 2, 3, 4)Ͱ͋Δɽ্ه 2ͭͷMD-SC-RA-CC
͸ύϯΫνϡΞ͞Εɼ3ͭͷํࣜͷූ߸Խ཰͸ r = 0.493ʹ౷Ұ͞Ε͍ͯΔɽ
ਤ 5.1ʹɼ1-ϒϩοΫϨΠϦʔϑΣʔσΟϯά௨৴࿏ʹ͓͚ΔύϯΫνϟυMD-SC-RA-CCͱ
SC-RA-CCͷ PERಛੑΛࣔ͢ɽԣ࣠͸ Eb/N0 Ͱ͋ΓɼEb ͸৘ใ 1Ϗοτ͋ͨΓͷड৴৴߸Τ





SC-RA-CCͷPERಛੑΛࣔ͢ɽਤ͔ΒɼEb/N0 = [10, 16]ʹ͓͍ͯɼಉ͡ූ߸Խ཰ͷ 3ͭͷํࣜ
͕΄΅ಉ͡ PERಛੑΛࣔ͢͜ͱ͕Θ͔Δɽ͔͠͠ɼߴ SNRྖҬͰ͋ΔEb/N0 = [17, 20]ʹ͓͍
ͯ͸ɼϑϧΤοδ৚݅Λຬͨ͠ɼ͔ͭͦͷதͰ࠷΋খϧʔϓ͕গͳ͍ϓϩτάϥϑΛߏ੒͢Δ݁
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ද 5.1: γϛϡϨʔγϣϯύϥϝʔλ
ύϯΫνϟυMD-SC-RA-CC SC-RA-CC





ύέοταΠζ [bits] M 100
!"#$%










ਤ 5.1: 1-ϒϩοΫϨΠϦʔϑΣʔσΟϯά௨৴࿏ʹ͓͚Δ݁߹ϕΫτϧv = (1, 3, 4, 9)ɼ(2, 6, 8, 9)ɼ
(1, 2, 3, 4)Ͱ͋ΔύϯΫνϟυMD-SC-RA-CCͱ SC-RA-CCͷ PERಛੑ
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ਤ 5.2: T -ϒϩοΫϨΠϦʔϑΣʔσΟϯά௨৴࿏ʹ͓͚Δ݁߹ϕΫτϧv = (1, 3, 4, 9)ɼ(2, 6, 8, 9)ɼ
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